Masked hypertension (MH) entails an increased cardiovascular risk. Therefore, it is important to identify those individuals who would benefit the most from out-of-office blood pressure (BP) measurement. We sought to determine the prevalence and identify predictors of MH among adult hypertensive patients under treatment.
Until recently, diagnosis, management, and follow-up of hypertension were exclusively based on office blood pressure (OBP) readings, which might not always properly characterize a patient's true blood pressure (BP) level. 1, 2 The introduction of ambulatory blood pressure monitoring (ABPM) and, more recently, home blood pressure monitoring (HBPM) has made the assessment of out-of-office BP possible. Several population-based studies and clinical trials have confirmed that out-of-office BP readings correlate better with target organ damage than OBP readings and predict morbidity and mortality more accurately. [3] [4] [5] HBPM offers some advantages over ABPM, 6 including better patient tolerance, lower costs, and a greater suitability for long-term follow-up of patients under treatment. The increasing use of out-of-office BP measurements has led to the identification of 4 different groups of patients: (i) those with normal OBP and normal HBPM (or ABPM)-normotensive individuals (or controlled hypertensive subjects, if they are under treatment); (ii) those with high OBP and high HBPM (or ABPM)-hypertensive patients (or uncontrolled hypertensive subjects); (iii) those with high OBP but normal HBPM (or ABPM)-white-coat hypertension patients (or isolated office-uncontrolled hypertension patients); and (iv) finally, those with normal BP at the office but elevated HBPM (or ABPM)-masked hypertension patients.
Masked hypertension has been associated with an increased cardiovascular risk, similar to sustained hypertension. 7 The prevalence of this condition as reported in different studies varies from 8% to 61% 7, 8 depending on the study population, setting, and modality of out-of-office BP measurement (HBPM or ABPM). 9 Most of these studies have been performed in the general population or in mixed populations including normotensive subjects, untreated hypertensive subjects, and treated hypertensive patients. 10, 11 Data from studies including only treated hypertensive patients are scarce.
Both the prevalence and the poor cardiovascular prognosis of masked hypertension make this entity an important public health issue. Therefore, it is important to identify clinical characteristics that suggest a diagnosis of masked hypertension. Several studies have assessed the association of different patient characteristics with masked hypertension with controversial findings. [11] [12] [13] [14] [15] [16] [17] On the other hand, orthostatic hypertension (OHT) is an increasingly recognized cardiovascular risk factor, which has been related to lacunar stroke incidence in middle-aged adults, 18 increase in urinary albumin excretion, cerebrovascular and cardiovascular disease in the elderly, and cardiovascular death in very elderly patients. 19 In young adults, OHT has been found to be associated with an increased risk of developing hypertension in normotensive subjects and with elevated ambulatory BP in alreadyhypertensive patients. 20, 21 Nevertheless, the association between this entity and masked hypertension has hardly been explored.
The purpose of this study was to determine the prevalence of masked hypertension and to assess its clinical predictors, particularly the association with OHT, among a population of treated hypertensive patients, using HBPM as the out-ofoffice BP measurement method.
Methods study population
This was a cross-sectional study that included hypertensive patients aged ≥18 years treated in the Hypertension Section of the Hospital Italiano de Buenos Aires, Argentina. All of them were under antihypertensive treatment. The study protocol was approved by the local ethics committee, and all patients accepted to participate gave written informed consent. Patients were asked to complete a questionnaire regarding risk factors (diabetes, smoking status, alcohol consumption, amount of physical activity, family history of cardiovascular disease), history of cardiovascular disease (coronary heart disease, cerebrovascular disease, peripheral artery disease), and use of antihypertensive drugs. We reviewed the medical records of all patients to gather laboratory data (fasting plasma glucose and serum creatinine) 3 months before home BP assessment. The recruitment period lasted from January 2010 to March 2012.
anthropometric and blood pressure measurements Weight, height, and waist circumference were assessed in all patients, and body mass index was calculated as weight/ height 2 (kg/m 2 ). BP was subsequently measured twice in the nondominant arm, 2 minutes apart (average of the 2 readings was used for analysis), after a 5-minute rest with the patient in a sitting position and using an appropriate cuff size according to the arm circumference. We then measured BP with the same device after 2 minutes with the patient in standing position, repeating the reading 2 minutes later (an average of the 2 readings was used for analysis), with the patient's arm always supported at heart level. For this purpose, we used an automatic oscillometric device, Omron 705 CP (Omron, Tokyo, Japan), previously validated 22 against a mercury sphygmomanometer according to the revised protocol of the British Hypertension Society. 23 After receiving appropriate training on its use, the patients returned home with the same oscillometric device used at the office and registered duplicate sitting BP readings (2 minutes apart) in the nondominant arm in the morning (before breakfast and medication), afternoon, and evening for 4 days. First day measurements were discarded for analysis. Patients with <16 home BP readings were excluded from analysis.
definitions of clinical parameters
Regarding cardiovascular risk factors, the patients' selfreported amount of physical activity was classified according to the number of times per week they engaged in leisure physical activity: ≤ 1 time per week, 2 times per week, and ≥ 3 times per week. Sedentary lifestyle was defined as physical activity with a frequency of once per week or less. In turn, current smoking was defined as daily use of tobacco products, and alcohol consumption was classified according to the criteria previously used by Trudel et al. 13 as follows: mild (<1 glass per week), moderate (1-5 glasses per week), and heavy (>5 glasses per week).
In relation to the history of cardiovascular disease, coronary heart disease was defined as a history of myocardial infarction, unstable angina, chronic stable angina, or coronary by-pass surgery; cerebrovascular disease was defined as a history of stroke or transient ischemic attack; and peripheral artery disease (PAD) was defined as intermittent claudication, abnormal arterial Doppler examination, or peripheral revascularization in the lower limbs.
Fasting plasma glucose and serum creatinine were measured in milligrams per deciliter. The glomerular filtration rate (GFR) was calculated through the Modification of Diet in Renal Disease formula (GFR (ml/min/1.73 m 2 ) = 175 × (S cr ) −1.154 × (Age) −0.203 × (0.742 if female)). Patients with an estimated GFR (eGFR) <60 ml/min/1.73 m 2 for at least 3 months were considered to have chronic kidney disease.
The patients were classified into 4 groups according to the internationally accepted limit of 140/90 mm Hg for OBP measurements and 135/85 mm Hg for HBPM: (i) controlled hypertension when BP was below the limit for each of the methods; (ii) uncontrolled hypertension when BP was equal to or greater than the limit for each of the methods; (iii) office-uncontrolled hypertension when BP was equal to or greater than the limit for office measurement and below the limit for HBPM; and (iv) masked hypertension when BP was below the limit for the office measurement and equal to or greater than the limit for HBPM.
According to the criteria previously used in the CARDIA study 20 , patients with a systolic BP rise upon standing ≥ 5 mm Hg (standing systolic BP minus sitting systolic BP) were considered to have OHT.
statistical analysis
Results are reported as mean ± SD or percentage. We compared the characteristics of controlled hypertensives and masked hypertensives within the population of officecontrolled subjects, using t test for continuous variables and χ 2 test for categorical variables. We considered P < 0.05 as statistically significant.
We constructed a model based on clinical criteria, where variables associated with masked hypertension from univariable analysis, along with variables that were not statistically significant in our analysis but that were identified as relevant predictors of masked hypertension in other studies (sex, body mass index, diabetes, and smoking habits), [12] [13] [14] 17 were entered into a logistic regression analysis multiadjusted model. We then constructed a second model with further adjustment for OHT to evaluate the particular contribution of this variable as a predictor of masked hypertension. We tested the models' calibration and discrimination through the Hosmer-Lemeshow goodness-of-fit test and the area under the receiver operating characteristic curve (c statistic), respectively, and then compared both models through the likelihood ratio test. A low χ 2 and high P value in Hosmer-Lemeshow test indicates good calibration. The c statistic ranges from 0.5 to 1, with higher values indicating better discrimination.
results
The study included 304 treated hypertensive patients. Thirteen (4.3%) had <16 readings on HBPM. Therefore, 291 patients were included in the analysis (mean age = 66.7 ±13.8), of whom 196 (67.4%) were women. The prevalence of masked hypertension was 12.4% (n = 36 of 291) in the whole study population and 20.9% (n = 36 of 172) among office-controlled hypertensive patients. Hypertension was under control in 46.7% (n = 136 of 291) of the subjects both at the office and at home, whereas 16.8% (49/291) had office-uncontrolled hypertension isolated-office hypertension, and 24.1% (70/291) had uncontrolled hypertension both at the office and at home. Considering the whole study population (n = 291), patients with masked hypertension were older, had a lower eGFR, and had a higher prevalence of PAD and orthostatic hypertension.
The characteristics of patients with controlled hypertension at the office (i.e., patients whose hypertension was under control both at the office and at home and patients with masked hypertension (n = 172)) are presented in Table 1 . Subjects with masked hypertension were older, more sedentary, and had a lower eGFR, a lower prevalence of moderate alcohol consumption, and a higher prevalence of PAD. With respect to their BP profile, although OBP was normal by definition, office systolic sitting and standing BP were higher among patients with masked hypertension and the prevalence of this entity increased with office sitting systolic BP level (Figure 1 ). On the other hand, the frequency of masked hypertension was not related to office diastolic BP. Finally, 35 subjects (20.3%) were classified as having OHT, and the prevalence of masked hypertension was higher in this group than in those without OHT (37.1% vs. 16.8%; P = 0.008).
The following variables identified by the univariable logistic regression analysis to be associated with masked hypertension-age, sedentary lifestyle, alcohol consumption, eGFR, history of PAD, and office sitting systolic BP levelalong with other variables established by previous studies as important predictors-sex, smoking habits, body mass index, and diabetes-were entered into a multivariable regression model (model A; P for goodness of fit = 0.71; area under the receiver operating characteristic curve = 0.84, 95% confidence interval (CI) = 0.77-0.91) to identify factors independently associated with masked hypertension (Table 2) . We then made a further adjustment for OHT (model B; P for goodness of fit = 0.16; area under the receiver operating characteristic curve = 0.86, 95% CI = 0.8-0.92) ( Table 2 ), comparing models A and B through the likelihood ratio test: Likelihood Ratio (LR) Chi-Square(1) (LRchi2(1)) was 4.92 (P = 0.03). Five variables were independently associated with masked hypertension: age, moderate alcohol consumption, history of PAD, office sitting systolic BP ≥ 130 mm Hg, and OHT.
discussion
In our study, masked hypertension detected by HBPM was a prevalent phenomenon among hypertensive patients under treatment with apparently well-controlled OBP and was associated with older age, history of PAD, higher office systolic BP level, and OHT, whereas moderate alcohol consumption appeared to be a protective factor.
The prevalence of masked hypertension found in our study was consistent with some studies that evaluated a similar population 15, 24 and was lower than in others. 25 Regarding masked hypertension predictors, age has been evaluated in several studies with contrasting results: in the PAMELA study, 16 for example, the prevalence of masked hypertension decreased steadily from 25 to 74 years of age; the AGATE study 11 showed no difference in its prevalence between quintiles of age distribution, whereas in the SHEAF and Finn Home studies, 12,15 like in our study, older age was an independent determinant of masked hypertension.
Some studies found an association between masked hypertension and body mass index, 13 smoking habits, 12, 14 diabetes, 12 and male sex, 17 whereas others, including ours, failed to find such an association. One possible explanation is that our study population was older than that recruited in the aforementioned studies. Another possibility is that the limited sample size might have precluded the identification of these other factors previously related to masked hypertension. In addition, data from risk factors were collected by means of a self-administered questionnaire, which constitutes a limitation to our study and may have underestimated the prevalence of some conditions and led to the misclassification of some patients.
In our study, the eGFR was significantly associated with masked hypertension in the univariable analysis but lost statistical significance in the multivariable analysis. A limitation to our study is that we used the Modification of Diet in Renal Disease formula to calculate the eGFR, which has been validated for patients with chronic kidney disease but is inaccurate for those with values >60 ml/min/1.73 m 2 . Conceivably, the urinary albumin-to-creatinine ratio could have shown a better association with masked hypertension at any GFR level. 26 High-normal systolic OBP has constantly been shown to be associated with masked hypertension, 12,27,28 which is consistent with our findings. In the Finn Home 12 and SHEAF 15 studies, the probability of masked hypertension increased with office systolic BP level, whereas in a study comprised of 1,488 hypertensive subjects, 29 a systolic BP <125 mm Hg was found to have a negative predictive value for masked hypertension (relative risk (RR) = 0.84, 95% CI = 0.75-0.94). One limitation to our study is that we used only 2 office readings in 1 visit. Although this is a more "real-life" approach, many factors could affect the actual OBP value, and this could have rendered the comparison between office and home BP readings less accurate. Several studies used a mercury sphygmomanometer to measure OBP, 12, 15, 27 which is highly susceptible to the observer bias, and an automatic oscillometric device for home BP measurements, making comparisons between office and home BP troublesome. The fact that we used the same oscillometric device for both office and home BP measurements and we complied with the recommendations of the updated European guidelines on the use of HBPM regarding the monitoring schedule of at least 3 days of measurements 30 constitutes a strength of our study. Abbreviations: BMI, body mass index; CH, controlled hypertension at the office and at home; CKD, chronic kidney disease; CV, cardiovascular; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; IHD, ischemic heart disease; MH, masked hypertension; NS, nonsignificant; OHT, orthostatic hypertension; PAD, peripheral artery disease; SBP, systolic blood pressure; SCr, serum creatinine; WC, waist circumference.
Heavy alcohol drinking has been classically associated with masked hypertension 12, 13, 16 , but, to the best of our knowledge, this is the first study to find a possible protective role for alcohol consumption in a moderate fashion. Moderate alcohol intake has been associated with a decreased risk of a number of adverse health outcomes, including all-cause mortality, cardiovascular diseases, insulin resistance, and diabetes. 31 Several mechanisms have been proposed for such a protective effect (i.e., an increase in high-density lipoprotein cholesterol, anti-aggregatory, and anti-inflammatory effects). 32 It may be possible that those beneficial mechanisms play a role in preventing elevated home BP. One potential limitation to our study is that alcohol consumption was self-reported, a method prone to misclassification of patients, and the questionnaire used did not collect information on the use of specific alcoholic beverages. As a consequence, we were not able to investigate any potential differential effects across different kinds of alcoholic beverages. Although a recommendation for moderate alcohol consumption to protect against masked hypertension cannot be done based on our findings, we believe a possible protective role needs prospective evaluation in studies designed for that purpose.
Approximately 80% of those patients suffering from vascular disease have hypertension, and the control of risk factors is lower in patients with PAD than in those with coronary artery or cerebrovascular disease. 33 Recommendations for management of vascular patients emphasize the importance of testing for and treating hypertension. 34 However, the methods that should be used to test for it have not been well established. Interestingly, our study showed that PAD was a predictor of masked hypertension, which means that using OBP measurements only for determining hypertension control in such patients may underestimate the cardiovascular risk. A possible explanation for this is that in our aged population, PAD may be the late result of classical risk factors associated with masked hypertension, such as previous smoking habits. Moderate alcohol consumption has been proved to protect against PAD in a longitudinal study, 35 and this association constitutes another possible explanation of our findings. Only 1 study has, to our knowledge, assessed the association of PAD with masked hypertension. This study used ABPM as the out-of-office BP measurement method and found a high prevalence of masked hypertension (28.9%) among Model A shows the odds ratios (ORs) corresponding to each adjustment variable (age, sex, moderate alcohol consumption, smoking habits, diabetes, body mass index, peripheral artery disease, and office systolic blood pressure). Model B includes the same variables as model A and is additionally adjusted for orthostatic hypertension.
Abbreviations: BMI, body mass index; CI, confidence interval; eGFR, estimated glomerular filtration rate; OHT, orthostatic hypertension; PAD, peripheral artery disease; SBP, systolic blood pressure.
this high-risk population. 36 Our results are consistent with this previous finding and support the use of a more available and cost-effective method, HBPM, to screen for masked hypertension in patients with PAD.
One remarkable finding of our study was that the detection of OHT at the office may help to identify subjects at risk of masked hypertension. Moreover, although the calibration and discrimination of both models were good, the likelihood ratio test showed that the addition of the variable OHT significantly improved the log likelihood comparing the 2 nestedmodels (LRchi2(1) = 4.92; P = 0.03). Some individuals with a BP increase on standing have adrenergic hyperreactivity to orthostatic stress, leading to increased vascular resistance and BP, 19 which possibly explains our findings, although the lack of hematologic measurements of sympathetic nervous system activity constitutes a limitation to our study. Our definition of OHT was based on the CARDIA study. 20 This was a prospective study that included 2,781 young subjects and showed an incidence of hypertension over a follow-up period of 8 years significantly higher among those with OHT. Hypertension at 8 years was defined by OBP measurements. Out-of-office BP was not assessed. Such evaluation might have made the identification of patients with masked hypertension possible at the initial phase of the study. In already-hypertensive young patients, the HARVEST study 21 showed that those with exaggerated orthostatic response at the office had higher whole-day BP on ambulatory BP measurements. This is consistent with the finding in our study that in already-hypertensive subjects with OHT, although older than the HARVEST population, a statistically significant proportion of the patients were well controlled at the office but hypertensive at home compared with those without OHT. This finding renders the measurement of standing BP at the office a useful and easy-to-perform maneuver to raise the suspicion of masked hypertension in apparently well-controlled hypertensive subjects. Although there is a general consensus on the definition of orthostatic hypotension, there is currently no consensus on the definition of OHT. In that regard, the definitions of OHT used in the studies mentioned above are, as in our own study, arbitrary, and there are almost as many definitions as studies evaluating OHT. 19 Therefore, although evidence for the clinical relevance of OHT is compelling, more investigation is needed to establish uniform criteria to define OHT and its role in day-to-day patient management.
In conclusion, our results suggest that masked hypertension is a prevalent condition among office well-controlled hypertensive patients under treatment, and HBPM is highly advisable to detect this phenomenon. Certain clinical parameters easily obtainable at the office, such as older age, history of PAD, and higher office systolic BP level, may help to raise the suspicion of masked hypertension. In addition, measurement of standing BP is a simple maneuver, and an increase in systolic BP upon standing may constitute a novel predictor of masked hypertension that should be systematically assessed.
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